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TRANSLATION OF REJECTION REASONS (Primary Examination) 



1. Application No.: 091122692 

2. Title of the invention: Semiconductor Device Using Shallow Trench 
Isolation and Method of Fabricating the Same 

3. Applicant: Elpida Memory, Inc. 

4. Filed: Oct. 1,2002 

5. Decision: This application is rejected on the ground of the stipulation 
of Article 20, No. 2 of Patent Law 

Rejection Reasons: 

This application is mainly characterized in that an insulating film 
(silicon nitride or silicon oxinitride), whose bottom portion is thinner than 
the side portion for reducing an internal stress of the semiconductor 
substrate, is formed to cover a shallow trench. Besides, a silicon oxide 
film can be formed between the insulating film and the substrate. 

However, US 6277706 (cited reference 1), published on Aug. 21, 
2001 and entitled "Method of Manufacturing Isolation Trenches Using 
Silicon Nitride Liner," and its Japanese counterpart "^H^l 1-3936" 
(cited reference 2), have disclosed the same technical concept as this 
application. The disclosed technical concept resides in that a LPCVD 
silicon nitride film is deposited on the liner oxide film within shallow 
trenches. Then, as shown in Fig. 2(b) and 2(c), the silicon nitride film in 
the sidewall of shallow trenches is kept after etching. Furthermore, cited 
reference 1 has disclosed, in Column 4, Line 56-58 in its specification, 
that the silicon nitride film after etching is able to reduce stresses to be 
exerted on the silicon nitride film. Although this application is somewhat 
different from the above citations regarding whether the bottom of silicon 
nitride film in the shallow trench or the liner oxide film is provided, the 
change in the residue thickness after dielectric etching can be easily 
accomplished for those skilled in the art by controlling the duration of 
etch time. In addition, as claimed in this application, the change regarding 
whether there is provided a liner oxide film in the shallow trench 
depending on the need is obvious to those skilled in the art. It has also 
been disclosed by TW336344 (cited reference 3), published on Jul. 11, 
1998 and entitled "Trench Isolation Region and Method of Fabricating 
the Same", and particularly in the paragraph from the last line in page 6 
to the second line in page 7, and also the paragraph of Line 7-9 in Page 7 



\ 



in the specification of TW336344. Consequently, this application lacks 
inventive step. 

Summing up the above, this application utilizes technology in 
existence prior to its filing date, and can be easily achieved by a person 
having ordinary skill in the art. This application does not meet the 
statutory requirements for patentability, and thus should not be granted a 
patent according to the stipulation of Article 20, No. 2 of Patent Law. 



TRENCH ISOLATION AND METHOD FOR FORMING THE 

SAME 

BACKGROUND OF THE INVENTION 

F ield of the Inve ntion; 

The invention relates to a method for forming an isolation in 
integrated circuit processes and, more particularly, to a method for 
improving the quality of a trench isolation so as to control the area of the 
isolation. 

Desscription of the Related Art; 

In the manufacturing process of an integrated circuit, the isolation 
formed between devices plays a very important role. Generally, when 
manufacturing an integrated circuit, an isolation must be formed before 
forming devices. When performing subsequent processes, in a large 
scale integrated circuit or very large scale integrated circuit, a small leak 
current from each device circuit leads to a significant amount of energy 
dissipation of the whole circuit. Therefore, forming an effective 
isolation between devices is very important for forming the integrated 
circuit. In addition, the design of the integrated circuit tends to 
minimize sizes of devices and maximize the packing density of a wafer. 
Therefore, it becomes more difficult to form effective isolations in a 
smaller area, and it is challenging to form effective isolations in the field 
of sub-micron technology. 

There are several kinds of processes being used to form isolations 



in integrated circuits, for example, local oxidation of silicon (LOCOS) 
and shallow trench isolation (STI). LOCOS is an isolation technique 
being extensively used in semiconductor processes, by which a mask is 
formed on a semiconductor silicon wafer by lithography to expose a 
portion of the silicon wafer, and then the mask is used in an oxidation 
process to oxidize the exposed portion into an insulating area of silicon 
dioxide on the surface of the silicon wafer, which is often called field 
oxides (FOX). This isolation process can provide an effective insulation. 
However, when the sizes of devices are reduced, this LOCOS process 
reaches its limit. For example, the bird's beak of the field oxide will go 
into the active area of the devices, which reduces a usable area and thus is 
a disadvantage for forming the devices. Since the topography of the 
LOCOS that protrudes on the wafer surface is unfavorable in device 
miniaturization for sub-micron process, a trench isolation technique is 
increasingly used for forming the isolation between active regions. 

For the above reasons, the trench isolation technique is widely used 
in VLSI and ULSI technology for forming the insulation region between 
devices. Therefore, the trench isolation technique can be used to replace 
the conventional LOCOS process. The trench isolation process first 
forms silicon nitrides on a wafer as a stop layer for a subsequent 
planarization process, an etching mask is then formed on the silicon 
nitrides by lithography, and the etching mask is used to perform an 
etching process forming a trench in a wafer. Oxides are back-filled into 
the trench by chemical vapor deposition (CVD), and back-etching or 
chemical mechanical polishing is used for forming a favorable 



topography thereof. ... 

However, the quality of oxide layer formed by CVD is not as good as 
that formed by thermal oxidation, thus the quality of oxides of 
conventional trench isolation technique is lower than that of the LOCOS. 
In sub-micron process, insulation quality is very important, hence the 
conventional trench isolation technique requires an additional thermal 
process for increasing the density of oxide layer. During this thermal 
process, a thin oxide layer forms and surrounds the periphery of the 
trench isolation, which increases the isolation area. Thus the conventional 
process is unable to control the exact isolation area. Precision in size 
control is very important in sub-micron process, therefore a method that 
provides good oxide quality and controls isolation area precisely is 
needed. 

SUMMARY OF THR TNVFNTTON 
An object of the invention is to form isolations between integrated 
circuit devices. 

Another object of the invention is to provide a better oxide quality for 
isolations and to control the isolation areas with precision. 

The invention first forms a silicon dioxide layer on a wafer as a pad, 
then, a trench forms in the wafer, a thin silicon dioxide layer forms on the 
surface of the trench thereafter, then a silicon nitride layer forms on the 
pad and along the surface of the trench. This silicon nitride layer is a 
stop layer for subsequent planarization process, and when subsequently a 
trench oxide layer is formed by thermal oxidation, the silicon nitride layer 



can be used to inhibit the oxide layer from expanding into the wafer, 
therefore controls the isolation area with precision. A silicon layer then 
forms on the silicon nitride layer and back-fills into a portion of the 
trench, then controls the silicon amount in the trench by chemical 
mechanical polishing or back-etching. The next step is to oxidize 
silicon by thermal oxidation for forming an isolation oxide layer in the 
trench; the quality of oxide layer formed by thermal oxidation is better 
than that formed by conventional CVD, also, the silicon nitride layer 
formed around the trench surface inhibits the oxide layer from expanding 
into the wafer thus controls the area of the oxide layer. Afterwards, dry 
etching is utilized to remove the silicon nitride layer formed on the wafer 
surface, then again remove the pad by dry etching, and finally forms the 
trench isolation as the invention intended. The abovementioned two 
dry etching processes can select process parameters of lower selectivity 
for silicon dioxide to silicon nitride, for example 1 to 1, also one can use 
chemical mechanical polishing process to remove the aforementioned 
silicon nitride and silicon dioxide. 

BRTRF DRSCRTPTTON O F PR A WINGS 
FIG. 1 is a sectional view illustrating a pad and a trench in a wafer 

formed from the invention. 

FIG. 2 is a sectional view illustrating a silicon nitride layer in a 

trench and on a pad formed from the invention. 

FIG. 3 is a sectional view illustrating a silicon layer on a silicon 

nitride layer formed from the invention. 



FIG. 4A is a sectional view illustrating planarization process by 
chemical mechanical polishing in the invention. 

FIG. 4B is a sectional view illustrating planarization process by back- 
etching in the invention. 

FIG. 5A is a sectional view illustrating silicon oxide in the trench 
formed by thermal process corresponding to FIG. 4A in the invention. 

FIG. 5B is a sectional view illustrating silicon oxide in the trench 
formed by thermal process corresponding to FIG. 4B in the invention. 

FIG. 6A is a sectional view illustrating the removal of silicon nitride 
and pad layer using dry etching method in the invention. 

FIG. 6B is a sectional view illustrating the removal of silicon nitride 
and pad layer using chemical mechanical polishing in the invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 
The invention discloses a method for improving the quality of 
isolation oxides, the disclosed method also can accurately control the 
isolation area; the invention is further explained below. 

Referring to FIG. 1, a thin layer of silicon dioxide acting as a pad 
layer 4 forms on a P-type or N-type silicon semiconductor wafer 2 with 
<100> crystal orientation; pad layers are often formed by thermal 
oxidation, this pad layer 4 has a thickness around 50 - 500 angstrom (A). 
A resist pattern is formed on the pad layer 4 for defining a trench isolation 
area, then the pad layer 4 and wafer 2 are etched with the resist pattern as 
a mask to form a trench 6 in the wafer 2, the depth of the trench 6 is 
generally from 2000 to 8000 A measuring from the surface of the pad 



layer 4. The resist pattern is removed after the trench has been made. 
After making the trench 6, a silicon dioxide layer (not illustrated) that 
covers the surface of the trench 6 can be formed; this is a nonessential 
step, and one may choose to omit it. In general, this silicon dioxide 
layer can be formed by chemical vapor deposition (CVD) or thermal 
oxidation; in addition, for achieving the aforementioned purpose, the pad 
layer 4 can be deposited after the formation of the trench 6, so that the 
silicon dioxide is formed in the trench and on the surface of the wafer at 
once. 

Referring to FIG. 2, a silicon nitride layer 8 with a thickness of 500 
to 2000 A is formed on the pad layer 4 and along the surface of the trench 
6, this silicon nitride layer 8 will be used as a stop layer in a subsequent 
planarization process. Moreover, later in the process, the silicon nitride 
layer 8 will inhibit an oxide layer from expanding into the wafer 2 where 
the oxide layer is formed by thermal oxidation, thus the invention can 
control the exactness of width and length of the isolation. As well, one 
can substitute the aforementioned silicon nitride with silicon oxynitride. 
In a preferred embodiment, the silicon nitride layer 8 is formed by either 
low pressure chemical vapor deposition (LPCVD), plasma enhance 
chemical vapor deposition (PECVD), or high density plasma chemical 
vapor deposition (HDPCVD); process temperature is around 350 - 800 
degrees Celsius (°C) (350 -450°C for PECVD, 700 - 800°C for 
LPCVD), the reaction gas are SiH 4 , NH 3 , N 2 , N 2 0 or SiH,Cl 2 , NH 3 , N 2 , 
N 2 0. 

Referring to FIG. 3, a silicon layer 10 is formed on the 



abovementioned silicon nitride layer 8, the silicon layer 10 also back-fills 
into portion of the trench 6 and deposits along the surface of the trench 6, 
for a preferred embodiment, the silicon layer 10 is of polysilicon or 
amorphous silicon formed by CVD, wherein the thickness of silicon layer 
10 varies according to the dimension of the trench 6 and the amount of 
silicon required to oxidize. 

Referring to FIG. 4A and FIG. 4B, chemical mechanical polishing 
and back-etching can be used to remove the silicon layer 10 outside of the 
trench. For a preferred embodiment, chemical mechanical polishing is 
more favorable. As shown in FIG. 4A, there are more silicon layer 10 
remaining in the trench 6 which is beneficial in forming isolation oxide 
layer by thermal oxidation thereafter, whereas back-etching process stops 
etching at the surface of the silicon nitride layer 8 with silicon layer 10 
remaining on the sidewalls of the trench 6 as shown in FIG. 4B. 

Referring to FIG. 5A and FIG. 5B, the next step is to oxidize the 
silicon layer 10 using thermal oxidation for forming an isolation oxide 
layer 12 in the trench 6; the remaining silicon layer 10 in the trench 6 will 
go through thermal oxidation and transform into silicon dioxide 12 in the 
trench as an insulating substance. FIG. 5A and FIG. 5B are sectional 
views of FIG. 4A and FIG. 4B after oxidation, respectively; the reaction 
temperature and oxidation time of the oxidation process varies with the 
amount of silicon available. The quality of oxide layer 12 made by 
thermal oxidation is better than that made by conventional CVD method. 
Furthermore, the silicon nitride layer 10 is formed on and around all 
surfaces of the trench 6, therefore when the oxide layer 12 is formed by 



thermal oxidation, the oxide layer 12 is unable to expand into the wafer 2 
because the silicon nitride layer acts as a barrier; thus the area of oxide 
layer 12 can be controlled with precision. This method effectively 
controls the area of isolation in sub-micron process, hence is . 
advantageous in device miniaturizations. 

Referring to FIG. 6A, the next step is to remove the silicon nitride 
layer 8 formed on the wafer 2 by dry etching. This step can utilize CF 4 , 
CHF 3 , QFgOr QFgfor performing plasma etching, and then use dry 
etching to remove the pad layer 4. In the process of removing pad layer, 
partial of the isolation oxide layer 12 is removed as well; the final 
structure is the trench isolation of the invention. The two 
aforementioned dry etching processes can select process parameters of 
lower selectivity for silicon dioxide to silicon nitride, and the two 
processes can be done in the same machine to save process time and cost; 
or one can use chemical mechanical polishing method instead, the 
structure resulted therefrom is shown in FIG. 6B. 

Some advantages of the invention are the prevention of the oxide 
layer formation around the trench for controlling isolation area and higher 
oxide quality for insulation. 

Please note that some elements in the invention can be substituted 
with other elements that would give similar results. For example, one 
can substitute the silicon nitride layer with a silicon oxynitride layer; the 
planarization process can utilize either chemical mechanical polishing or 
dry etching. 

While the invention has been described by way of example and in 



terms of the preferred embodiment, it is to be understood that the 
invention is not limited to the disclosed embodiments. To the contrary, it 
is intended to cover various modifications and similar arrangements as 
would be apparent to those skilled in the art. Therefore, the scope of the 
appended claims should be accorded the broadest interpretation so as to 
encompass all such modifications and similar arrangements. 



What is claimed is: 

1. A method for forming a trench isolation in a semiconductor 
wafer, comprising the steps of: 

forming a trench in the wafer; 

forming a silicon-containing nitrite layer on the wafer and 
along a surface of the trench; 

providing a predetermined amount of silicon in the trench; 

performing a thermal process to form an silicon oxide layer 
oxidized from the predetermined amount of silicon as an insulating 
substance of the trench isolation; and 

removing the silicon-containing nitrite layer formed on the 

wafer. 

2. The method as in claim 1, further comprising the following steps 
for forming the trench: 

forming a photoresist on the wafer to define an area for the 
trench; 

etching the wafer by using the photoresist as a mask; and 
removing the photoresist. 

3. The method as in claim 1, wherein an oxide pad layer is formed 
on the wafer before forming the trench. 

4. The method as in claim 3, further comprising the step of: 

removing the oxide pad layer after removing the silicon- 



containing nitrite layer. 

5. The method as in claim 4, wherein the oxide pad layer is formed 
of silicon oxide. 

6. The method as in claim 5, wherein the oxide pad layer is 
removed by dry etching using a plasma containing carbon 
fluoride. 

7. The method as in claim 5, wherein the oxide pad layer is 
removed by chemical mechanical polishing. 

8. The method as in claim 5, wherein the oxide pad layer has a 
thickness of about 50 to 500 A. 

9. The method as in claim 1, further comprising forming the 
predetermined amount of silicon on the wafer when providing the 
predetermined amount of silicon in the trench. 

10. The method as in claim 9, further comprising removing the 
predetermined amount of silicon formed on the wafer by chemical 
mechanical polishing after providing the predetermined amount of 
silicon in the trench. 

11. The method as in claim 9, further comprising removing the 



predetermined amount of silicon formed on the wafer by dry 
etching after providing the predetermined amount of silicon in the 
trench. 

12. The method as in claim 1, wherein the silicon-containing nitrite 
layer has a thickness of about 500 to 2000 A. 

13. The method as in claim 1, wherein the silicon-containing nitrite 
layer is a silicon oxynitride layer. 

14. The method as in claim 1, wherein the silicon-containing nitrite 
layer is a silicon nitride layer. 

15. The method as in claim 1 or 5, wherein the silicon-containing 
nitrite layer is removed by dry etching using a plasma containing 
carbon fluoride. 

16. The method as in claim 1 or 5, wherein the silicon-containing 
nitrite layer is removed by chemical mechanical polishing. 

17. The method as in claim 1, wherein the predetermined amount 
of silicon is formed of polysilicon. 

18. The method as in claim 1, wherein the predetermined amount 
of silicon is formed of amorphous silicon. 



19. The method as in claim 1, wherein the silicon-containing nitrite 
layer is formed by low pressure chemical vapor deposition 
(LPCVD), plasma enhance chemical vapor deposition (PECVD), 
or high density plasma chemical vapor deposition (HDPCVD). 

20. The method as in claim 19, wherein the reaction gas is SiH 4 , 
NH3, N 2 and N 2 0. 

21. The method as in claim 19, wherein the reaction gas is SiH 2 Cl 2 , 
NH3, N 2 and N 2 0. 

22. The method as in claim 1, wherein the thermal process is 
performed in an oxygen-containing environment. 



Abstract 

A method for forming a trench isolation utilizes a silicon nitride layer 
to accurately control the area of trench isolation, and utilizes thermal 
oxidation to improve the quality of insulating substance for the trench. 
The method first forms a silicon nitride layer on the trench surface of a 
wafer, then deposits a silicon layer which back fills into the trench, 
performs a planarization process which flattens the silicon layer surface, 
next performs an oxidation process to oxidize the silicon layer into a 
silicon oxide layer, and finally removes the silicon nitride layer on the 
wafer. 
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